Abstract. AC/DC bidirectional converter can realize power bidirectional transmission. And it has become a hot topic in the field of power electronics and micro grid. The traditional control method can not consider the nonlinear characteristics of the converter, so it is difficult to obtain satisfactory dynamic response results. A nonlinear control strategy based on the theory of passive control was proposed in this paper. The effectiveness of the proposed strategy was verified by simulation experiments in Matlab platform. The simulation results show that the proposed control strategy can effectively improve the dynamic response characteristics of the system.
Introduction
The bidirectional converters are the devices which utilize the power electronic topology structure to realize the conversion between the AC energy and the DC energy. Bidirectional converter, which based on PWM control technology, can realize the bidirectional flow of the active power between AC networks and DC networks [1, 2] . Control method of the AC/DC bidirectional converters has become a hot research topic in the field of power electronics. At the same time, the bidirectional converter is also an important component in the AC/DC hybrid micro grid [3] . AC / DC hybrid micro grid contains AC and DC sub networks, which can effectively combine the respective advantages of AC and DC sub networks. Usually, Multiple bidirectional converters are connected in parallel between the AC sub network and the DC sub network. Bidirectional converters can achieve the balance of power in the hybrid micro grid by exchanging the power flow between the AC and DC sub networks. Besides, the power quality can also be improved by controlling the flow of the bidirectional converters, especially the frequency in the AC network and the voltage in the DC network.
At present, the most commonly used control method of the bidirectional converters is PI double closed-loop decoupling control, but this method can not consider the intrinsically nonlinear characteristics of the converters, and it is difficult to choose the parameters of the PI controller [4] . Therefore, in order to improve the dynamic response capability and improve the power supply reliability, it is necessary to study the nonlinear control strategy of the bidirectional converter.
In this paper, based on the viewpoint of energy dissipation, the nonlinear mathematical model of the bidirectional converter is established by utilizing the passive control theory. The passive controller is designed to accelerate the dissipation of system energy by injecting damping, which makes the system converge to the balance point more quickly. The proposed strategy can improve the dynamic response speed and the dynamic quality of the system. Finally, the effectiveness of the proposed method is verified by the MATLAB/SIMULINK simulation platform.
Modeling of Bidirectional Converter
A three-phase AC/DC bidirectional converter circuit topology is shown in Fig. 1 .   Taking into account of the switching function, the following equations can be obtained.
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Eq. 5 can be written in the form of the Euler Lagrange (EL) model as follows,
Design of the Nonlinear Controller
According to the passive control theory [5, 6] , the balance point of the nonlinear controller is choosing as * * * * , , 
(7) In order to achieve the decoupling of the model and eliminate the steady-state error, the nonlinear control law of converter is set as:
Simulation Analysis
In the Matlab simulation platform, the simulation model of the bidirectional converter was built, and the dynamic response of the converter under the proposed control strategy was compared with the traditional control strategy. By comparing the simulation results it could be seen that, compared with the traditional PI control strategy, DC bus voltage had a better transient response under the passive control strategy, and it could be restored to the set value faster. The voltage fluctuation range was smaller. From the Fig. 3 , it could be seen that the improved controller could achieve decoupling control of the AC/DC converter.
Conclusion
On the basis of studying the nonlinear characteristics of the bidirectional converter, the nonlinear mathematical model of the bidirectional converter is established. And then, the passive nonlinear controller is designed based on the viewpoint of energy dissipation. The control strategy proposed in this paper can effectively improve the dynamic response of the DC voltage, and make the DC voltage to achieve a stable value faster. Besides, the improved controller can also achieve the decoupling control.
